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I.. I n t r o d u c t i o n  . 

The p u r p o s e  of  t h i s  e f f o r t  i s  t o  make a q u a n t i t a t i v e  
es t imate  of  t h e  p a y l o a d  g a i n  which can  be  r e a l i z e d  on t h e  e a r l y  
AAP m i s s i o n s  ( 1 - 4 )  b y  i n i t i a t i n g  t h e s e  m i s s i o n s  a t  l o w e r  a l t i -  
t udes  t h a n  t h e  c u r r e n t  b a s e l i n e  v a l u e  o f  230  nm. The p a y l o a d  
g a i n s  c a n  be d e r i v e d  from two s o ~ i r c e s .  On t h e  CM/SM, an eq i l iva-  
l e n t  weight i n  u s a b l e  pay load  may be  r e a l i z e d  f rom t h e  r e d u c t i o n  
of p r o p e l l a n t  ( b o t h  RCS and TPS) r e q - l r e c !  t, traL-,sfCz. to a-i< 

d e o r b i t  f rom a l o w e r  a l t i t u d e  t h a n  t h a t  r e q u i r e d  i n  t h e  b a s e l i n e  
m i s s i o n .  The a l l o w a b l e  p a y l o a d  011 t h e  O r b i t a l  Workshop (ONS) 
and  t h e  LN/ATN l a u n c h e s  i s  i n c r e a s e d  i f  t h e  i n s e r t i o n  a l t i t u d e  
I s  l o w e r  t h a n  t h a t  p r e s c r i b e d  i n  t h e  b a s e l i n e  m i s s i o n .  T h e  
a n a l y s i s  i s  c o m p l i c a t e d  b y  t h e  f a c t  t h a t  b o t h  t h e  par j load  g a i n  
and  t h e  r a t e  o f  o r b i t a l  decay v a r y  i n v e r s e l y  w i t h  a l t i t u d e .  
Hence,  a c c e p t a b l e  o p e r a t i n g  a l t i t u d e s  must  n o t  o n l y  p e r m i t  s i g n i -  
f i c a n t  i n c r e a s e s  i n  p a y l o a d  b u t  t h e  decay  r a t e s  a s s o c i a t e d  w i t h  
t h o s e  a l t i t u d e s  must b e  small enough t o  p e r m i t  r e a s o n a b l e  d e l a y s  
i n  s u b s e q u e n t  l a u n c h e s .  

P a y l o a d  g a i n s  f o r  d i f f e r e n t  a l t i t u d e  p r o f i l e s  were 
o b t a i n e d  by u s i n g  t h e  MSFC @ r . b i t a l  L i f e t i m e  P r e d i c t i o n  Program 
( 2 e f e r e n c e  1) t o  d e t e r m i n e  t h e  a l t i t u d e  o f  t h e  AAP c l u s t e r  a t  
s p e c i f i c  t i m e s ,  n o t i n g  t h e  d e v i a t i o n  i n  a l t i t u d e  f r o m  t h e  b a s e -  
l i n e  m i s s i o n  a t  t h a t  p o i n t ,  and  t h e n  t r a n s l a t i n g  t h a t  d e v i a t i o n  
i n t o  a d i f f e r e n c e  i n  p a y l o a d .  Though t h e s e  d i f f e r e n c e s  a r e  o n l y  
t h e o r e t i c a l  and  based  on - 2 a  p r e d i c t i o n s ,  t h e y  a r e  s u f f i c i e n t l y  
v a l i d  for u s e  i n  comparing t h e  d i f f e r e n t  a l t i t u d e  p r o f i l e s .  

11. D e r i v a t i o n  o f  Pay load  Gains  

The B a s e l i n e  Miss ion  P r o f i l e  u s e d  f o r  t h i s  s t u d y  i s  
v i r t u a l l y  i d e n t i c a l  $ 0  t h e  sequence  shown i n  S c h e d u l e  ML-14, t h e  
o n l y  s i g n i f i c a n t  d i f f e r e n c e  b e i n g  t h a t  t h e  f o r m e r  b e s i n s  on 
S e p t e m b e r  1, 1970 r a the r  t h a n  on November 1, 197C as i n  ML-14. 
T h i s  d i f f e r e n c e  however  w i l l  have  n o  no f - i - ,=z ' J l e  e f f e c t  upon t h e  
r e s u l t s .  

The B a s e l i n e  MissIm P r o f i l e  i s ,  shown i n  F i g u r e  1. 
The O r b i t a l  Workshcp w l l l  be l a u n c n e d  on t h e  f i r s t  m i s s i o n  d a y  
( T r a n s i t i o n  P o j n c  A )  and  j o i n e d  soon  a f t e r  by t h e  AAP-1 CM/SI"II. 
The l a t t e r  1,en;ains docked t o  t h e  OWS for 2 8  days ( P h a s e  1) and 
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t h e n  r e t u r n s  t o  e a r t h  ( T r a n s i t i o n  P o i n t  B ) .  The OWS r e m a i n s  
i n  a q u i e s c e n t  s t a t e  f o r  t h e  n e x t  62 d a y s  ( P h a s e  2 )  and  i s  t h e n  
j o i n e d  by t h e  AAP-3.4 CM/SM ( T r a n s i t i o n  P o i n t  C ) .  T'ne l a t t e r  r e -  
mains  i n  o r b i t  f o r  56 d a y s  (Pnase  3 )  b e f o r e  r e t u r n i n g  t o  e a r t h  
( T r a n s i t i o n  P o i n t  D ) .  The OWS once  a g a i n  r e m a i n s  i n  a q u i e s c e n t  
s t a t e  (Phase  4 ) ,  t h i s  t i m e  f o r  34 d a y s .  N e x t ,  t h e  AAP-3 CM/SM 
and t h e  AAP-4 LP'I/fiTt4 rendezvous  ( a n d  dock)  w i t h  t h e  OWS ( T r a n s i -  
t i o n  P o i n t  E ) .  T h i s  p h a s e  of  t h e  m i s s i o n  ( P h a s e  5 )  a l s o  l a s t s  
for 56 d a y s  and  t e r m i n a t e s  when AAP-3 r e t u r n s  t o  e a r t h  ( T r a n s i -  
t i o n  P o i n t  F ) .  A s  i l l u s t r a t e d  i ?  t h e  f i g u r e ,  t h e  e n t i r e  s e q u e n c e  
from P o i n t  A t o  P o i n t  F r e q u i r e s  237 days  or a p p r o x i m a t e l y  e i g h t  
months .  

Us ing  t h e  p h y s i c a l  c h ; r a c t e r i s t i c s  of t h e  m i s s i o n  
modules  l i s t e d  i n  T a b l e  1 ( R e f e r e n c e  2 )  and t h e  l a u n c h  s c h e d u l e  
g i v e n  by t h e  B a s e l i n e  M i s s i o n  P r o f i l e ,  t h e  MSFC O r b i t a l  L i f e t i m e  
P r e d i c t i o n  Program was u s e d  t o  g e n e r a t e  a l t i t u d e  p r o f i l e s  f o r  
d i f f e r e n t  i n i t i a l  a l t i t u d e s .  Thr. r e s u l t s  a r e  shown i n  F i g u r e  2 .  
Note  t h a t  t h e  c u r v e s  r e p r e s e n t  t h e  " g u a r a n t e e d "  or -2a p r e d i c t i o n ,  
c o r r e s p o n d i n g  t o  t h e  +2a  p r e d i c t i o n  o f  s o l a r  a c t i v i t y  f o r  t h e  t i m e  
p e r i o d .  T h i s  w o r s t - c a s e  l i f e t i n , ;  c o n d i t i o n  was a s s u m e d  throughout,  
t h e  s t u d y .  

The c u r r e n t  b a s e l i n e  r , I s s i o n  c a l l s  for an  i n i t i a l  a l t i -  
t u d e  of  230 nm. A l t i t u d e  d e v i a t l o n s  from t h i s  b a s e l i n e  a re  
t r a n s l a t e d  i n t o  p a y l o a d  d i f f e r e r i c e s  f o r  t h e  CM/SN by c a l c u l a t i n g  
t h e  d i f f e r e n c e  i n  t h e  amount of  p r o p e l l a n t  r e q u i r e d  t o  p e r f o r m  
o r b i t  t r a n s f e r  and d e o r b i t  a c t i ~ ~ i t i e s .  F o r  e x a m p l e ,  F i g u r e  3 
shows t h e  amount o f  SPS p r o p e l l a q t  r e q u i r e d  t o  t r a n s f e r  t h e  CIvl/SI<I 
f rom an  81  x 1 2 0  nm p a r k i n g  o r b i t  v i a  Hohmann e l l i p s e  t o  a c i r -  
c u l a r  o r b i t  a t  t h e  s p e c i f i e d  a l e l t u d e .  The c u r v e  shows t h a t  
1 6 0 6  pounds of SPS p r o p e l l a n t  a r e  r e q u i r e d  t o  t r a n s f e r  t h e  s p a c e -  
c r a f t  from t h e  p z r k i n g  o r b i t  t o  230 nm. If  t h e  s p a c e c r a f t  i s  
t r a n s f e r r e d  t o  an a l t i t u d e  l e s ?  chan  230  nm, t h e  p r o p e l l a n t  r e -  
q u i r e d  for t h a t  t r a n s f e r  i s  l e s s  t h a n  1 6 0 6  pounds and t h e  u s a b l e  
p a y l o a d  can  be  i n c r e a s e d  by t h e  amount o f  t h e  r e d u c t i o n  i n  t h e  . 
p r o p  e 1 1a.n t w e  i gh t . 

S i m i l a r l y ,  F i g u r e  4 shows t h e  v a r i a t i o n  i n  p r o p e l l a n t  
r e q u i r e i x e n t s  t o  d e c r b i t  f rom d i f f e r e n t  a l t i t u d e s .  The f i g u r e  
shows two c u r v e s ,  one  f o r  t h e  SPS which i s  u s e d  as t h e  p r i m a r y  
s y s t e m  and one f o r  t h e  RCS which i s  used  as t h e  backup s y s t e m .  
S i n c e  e a c h  sys t em must  c a r r y  s u f f i c i e n t  p r o p e l l a n t  t o  p e r f c r m  
t h e  d e o r b i t  maneuver ,  any r e d u c t i o n  i n  d e o r b i t  r e q u i r e m e n t  w i l l  
r e s u l t  in a r e d u c t i o n  I n  b o t h  SPS and RCS p r o p e l l a n t s .  The c u r v e s  
i n  F i g u r e  4 a r e  d e r i v e d  f rom t h e  Av r e q u i r e m e n t s  g i v e n  i n  Eieference 
3 for t h e  heads-down a t t i t u d e .  As above ,  t h e  u s a b l e  p a y l o a d  may 
be  i - n c r e a s e d  b y  t h e  amount o f  t h e  t o t a l  r e d u c t i o n  i n  p r o p e l l a n t  
w e i g h t .  
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Un l ike  t h e  CM/SM, t h e  OWS w i l l  be  i n s e r t e d  directly 
i n t o  t h e  s p e c i f i e d  c i r c u l a r  o r b i t .  Assuming t h e  LI?I/ATM i s  a l s o  
i n s e r t e d  d i r e c t l y  ( t h e  s t a b l e - o r b i t  r endezvous  mode) ,  t h e  de-  
v i a t i o n s  i n  i n s e r t i o n  a l t i t u d e  f rom t h e  b a s e l i n e  m i s s i o n  can  be 
t r a n s l a t e d  d i r e c t l y  i n t o  p a y l o a d  d i f f e r e n c e s  f o r  b o t h  unmanned 
l a u n c h e s .  F i g u r e  5 ( R e f e r e n c e  4 )  shows t h e  v a r i a t i o n  i n  pay- 
l o a d  c a p a b i l i t y  w i t h  a l t i t u d e  f o r  a t y p i c a l  AAP l a u n c h  v e h i c l e ,  
SA 209.  Changes i n  p a y l o a d  c a p a b i l i t y  can b e  d e r i v e d  d i r e c t l y  
from t h e  f i g u r e .  The p a y l o a d  g a i n  a t  each  t r a n s i t i o n  p o i n t  f o r  
any a l t i t u d e  p r o f i l e  i s  f o u n d  b y  f i r s t  n o t i n g  t h e  change  i n  
a l t i t u d e  r e l a t i v e  t o  t h e  B a s e l i n e  A l t i t u d e  P r o f i l e  a t  e a c h  t r a n s i -  
t i o n  p o i n t ,  and  t h e n  u s i n g  F i g u r e s  3-5 t o  d e t e r m i n e  t h e  change 
i n  p a y l o a d  c a p a b i l i t y .  The n e t  p a y l o a d  g a i n  f o r  t h e  p r o f i l e  i s  
t h e n  t h e  a l g e b r a i c  sum of t h e s e  c h a n g e s .  

111. Miss ion  P r o f i l e s  

I 

F i g u r e  2 shows t h a t  t h e  l i f e t i m e  f o r  th? R 3 ~ e l S ~ f ; )  
A l t i t u d e  P r o f i l e  i s  406 d a y s ,  wel l  i n  e x c e s s  o f  t h e  237 d a y s  
r e q u i r e d  for t h e  m i s s i o n .  I f  t h e  m i s s i o n  s e q x e n c e  i s  i n i t i a t e d  
a t  a l t i t u d e s  l e s s  t h a n  230 nm, t h e  a l t i t u d e  a t  any t i m e  d u r i n g  
t h e  m i s s i o n  w i l l  b e  l ess  t h a n  t h e  a l t i t u d e  d e f i n e d  b y  t h e  Rase- 
l i n e  A l t i t u d e  P r o f i l e  f o r  t h a t  t i m e  and hence  a n e t  p a y l o a d  g a i n  
can  be r e a l i z e d  f o r  t h a t  p r o f i l e .  The o v e r a l l  l i f e t i m e  f o r  
t h e s e  a l t i t u d e  p r o f i l e s  w i l l  also be r e d u c e J  however .  F i g u r e  2 
shows t h a t  220  nm i s  a p p r o x i m a t e l y  t h e  l o w e s t  i n i t i a l  a l t i t u d e  
t h a t  would i n s u r e  an eight-month l i f e t i m e  ( f o r  t h e  -2a c a s e ) .  
G r e a t e r  p a y l o a d  s a v i n g s  m i g h t  b e  r e a l i z e d  u s i n g  lower i n i t i a l  1 

a l t i t u d e s  b u t  t h e  c u r v e s  f o r  t h e s e  a l t i t u d e s  i n d i c a t e  t h a t  t h e i r .  
o v e r a l l  l i f e t i m e  would be  l e s s  t h a n  e i g h t  months u n l e s s  p r o p u l s i o n  
maneuvers  were made p e r i o d i c a l l y  t o  ma in ta i r ?  the s p a c e c r a f t  i n  
o r b i t .  Though such  maneuver's may r e q u i r e  s i g n i f i c a n t  amounts 
of p r o p e l l a n t ,  t h e  o v e r a l l  s a v i n g s  c o u l d ,  i n  some c a s e s ,  b e  e v e n  
g r e a t e r  t h a n  t h a t  e s t i m a t e d  for t h o s e  p r o f i l e s  w i t h  l i f e t i m e s  . 
g r e a t e r  t h a n  e i g h t  months .  T h i s  s t u d y  t h e r e f o r e  i n v e s t i g a t e d  
b o t h  t y p e s  of p r o f i l e s :  " F a s s i v e "  p r o f i l e s  whose l i f e t i m e s  a r e  
g rea t e r  t h a n  e i g h t  Konths and  " a c t i v e "  p r o f i l e s  i n  which o r b i t  
t r a n s f e r s  a r e  r e q u i r e d  d u r i n g  t h e  m i s s i o n  t o  i n s u r e  an  e i g h t -  
month l i f e t i m e .  

A .  220 nm " P a s s i v e "  Profi1.e  

The d e r i v a t i o n  of  t h e  p a y l o a d  s a v i n g s  which c o u l d  b e  
r e a l i z e d  by u s i n g  t h e  2 2 0  nm a l t i t u d e  p r . o f i l e  r a t h e r  t h a n  t h e  
b a s e l i n e  (230  nm) p r o f i l e  i s  i l l u s t r a t e d  i n  T a b l e  2 .  A t  T r a n s i -  
t i o n  P o i n t  A ,  t h e  t r a n s f e r  of AAP-1 to a c i r c u l a r  o r b i t  a t  220 nm 
r a t h e r  t h a n  230 nm r e q u i r e s  118 pounds l e s s  SPS p r o p e l l a n t  
( F i g u r e  3)  which m a y  be  u s e d  for a d d i t i o n a l  p a y l o a d .  - P o i n t  A ,  i n s e r t i o n  of  AAP-2 (OWS) i n t o  a 220 nm o r b i t  r e s u l t s  i n  
an i n c r e a s e  o f  875 pounds i n  t h e  p a y l o a d  c a p a b i l i t y  of t h e  AAP-2 
l a u n c h  v e h i c l e  ( F i g u r e  5 ) .  

A l so  a t  
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A t  T r a n s i t i o n  P o i n t  B ,  A A P - 1  must d e o r b i t  f r o m  215 nm 
r a t h e r  t h a n  from 227.5  nrn as r e q u i r e d  i n  t h e  B a s e l i n e  A l t i t u d e  
P r o f i l e ,  D e o r b i t  f rom 215 nm r e q u i r e s  4 2  l e s s  pounds o f  SPS 
p r o p e l l a n t  and  4 4  l e s s  pounds o f  RCS p r o p e l l a n t  t h a n  would h a v e  
been  r e q u i r e d  t o  d e o r b i t  fi-om 2 2 7 . 5  nm ( F i g u r e  4 ) .  T h e r e f o r e ,  
t h e  n e t  p a y l o a d  g a i n  a t  T r a n s i t i o n  P o i n t  B i s  t h e  sum o f  t h e s e '  
p r o p e l l a n t  r e d u c t i o n s  or 86 pounds.  The p a y l o a d  g a i n s  a t  e a c h  
of t h e  r e m a i n i n g  t r a n s i t i o n  p o i n t s  a r e  s i m i l a r l y  d e r i v e d  and  
t h e  t o t a l  p a y l o a d  g a i n  f o r  t h e  p r o f i l e  i s  t h e  sum o f  t h e s e  g a i n s  
o r  3716 pounds .  

B .  "Ac t ive"  Miss ion  P r o f i l e s  

Use of  t h e  SM RCS f o r  mid-miss ion  p r o p u l s i o n  maneuvers  
makes p o s s i b l e  a wide spec t rum o f  a c t i v e  a l t i t u d e  p r o f i l e s  which 
would f u l f i l l  t h e  e ight -month  l i f e t i m e  r e q u i r e m e n t .  However, by 
c o n s i d e r i n g  some r e a l i s t i c  c o n s t r a i n t s ,  i t  i s  p o s s i b l e  t o  i i a r ~ m ;  
t h e  f i e l d  o f  a c c e p t a b l e  p r o f i l e s  and to u s e  t h e  methodology de-  
v e l o p e d  above t o  o b t a i n  2n e s t i m t e  CC t h e  p o t e z t i a l  p z y l o a d  gait. 
The c o n s t r a i n t s  assumed f o r  t h i s  e f f o r t  a re  as f o l l o w s :  

1. 

2.  

3 .  

4 .  

5 .  

The b a s i c  m i s s i o n  p r o f i l e  f o r  a l l  c a s e s  i s  d e f i n e d  
by  F i g u r e  1. 

A l l  o r b i t  t r a n s f e r s  w i l l  b e  minimum-energy Hohmann 
t r a n s f e r s  and w i l l  be pe r fo rmed  a t  t h e  b e g i n n i n g  or 
e n d  of a m i s s i o n  p h a s e ,  i . e .  a t  a t r a n s i t i o n  p o i n t ,  

The i n s e r t i o n  a l t i t u d e  o f  t h e  OWS ( T r a n s i t i o n  P o i n t  A )  
must be s u f f i c i e n t  t o  i n s u r e  t h a t  t h e  workshop w i l l  
n o t  f a l l  below 150 nm i n  91 d a y s .  T h i s  c o n s t r a i n t  
i n s u r e s  t h a t  t h e  s p a c e c r a f t  w i l l  b e  i n  o r b i t  a t  t h e  
s c h e d u l e d  b e g i n n i n g  o f  t h e  AAP-3A m i s s i o n  ( T r a n s i t i o n  
P o i n t  C )  d e s p i t e  a f a i l u r e  o f  A A P - 1 .  

The i n i t i a l  a l t i t u d e  of  t h e  CM/SM/OWS c o m b i n a t i o n  
( T r a n s i t i o n  P o i n t  A )  must be  s u f f i c i e n t  t o  i n s u r e  
t h a t  t h e  workshop w i l l  r ema in  above  150  nm a t  t h e  
e n d  of 181  d a y s .  T h i s  c o n s t r a i n t  i n s u r e s  t h a t  t h e  
workshop w i l l  be i n  o r b i t  a t  t h e  s c h e d u l e d  b e g i n n i n g  
o f  t h e  AAP-3/AAP-4 m i s s i o n  ( T r a n s i t i o n  P o i n t  E )  des -  
p i t e  2 f a i l u r e  of  A A P - 3 A .  

The a l t i t u d e  o f  t h e  OWS a t  t h e  b e g i n n i n g  of  P h a s e  5 
( T r a n s i t i o n  P o i n t  E )  s h a l l  be  s u f f i c i e n t  t o  i n s u r e  
an a d d i t i o n a l  20 days  i n  o r b i t  beyond t h e  s c h e d u l e d  
b e g i n n i n g  o f  AAP-3/AAP-4. The p u r p o s e  o f  t h i s  con- 
s t r a i n t  i s  t o  i n s u r e  t h a t  t h e  OWS would s t i l l  be 
a v a i l a b l e  f o r  t h e  f i n a l  r e v i s i t  ' d e s p i t e  d e l a y s  i n  
t h e  l a u n c h i n g  of AAP-3 o r  AAP-4.  
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6 .  The minimum a l t i t u d e  o f  t h e  c l u s t e r  d u r i n g  Phase 5 
i s  1 6 0  nm. Two o f  t h e  e x p e r i m e n t s  on t h e  LM/ATM, 
s o 8 2  and 3083,  a r e  d e s i g n e d  t o  t a k e  measurements  
o f  t h e  UV r a d i a t i o n  f rom t h e  s u n .  I n  Grde r  t o  k e e p  
t h e  a t m o s p h e r i c  a t t e n u a t i o n  of i n c i d e n t  UV e n e r g y  
to l e s s  t h a n  l o $ ,  a minimum a l t i t u d e  o f  1 6 0  nm must  
be  m a i n t a i n e d  ( R e f e r e n c e  6 ) .  

Examina t ion  o f  F i g u r e s  3-5 show t h a t  b y  f a r  t h e  l a r g e s t  p a y l o a d  
g a i n s  r e s u l t  froin t h e  r educed  i n s e r t i o n  r e q u i r e m e n t s  on t h e  OWS 
and  LM/ATM l a u n c h  v e h i c l e s .  Hence i t  i s  a d v a n t a g e o u s  t o  u s e  
a l t i t u d e  p r o f i l e s  which ,  w h i l e  c o n s i s t e n t  w i t h  t h e  above con- 
s t r a i n t s ,  w i l l  p e r m i t  t h e  i n s e r t i o n  o f  t h e  OWS and LM/ATM i n t o  
as low an o r b i t  as p o s s i b l e .  

S i x  p r o f i l e s  which s a t i s f y  t h e s e  c o n s t r a i n t s  were 
examined  i n  d e t a i l .  They a r e  summarized i n  T a b l e  3 and i l l u s -  
t r a t e d  i n  F i g u r e s  6 th rough  11. The f i r s t  t h r e e  p r o f i l e s  r e -  
p r e s e n t  v a r i a t i o n s  o f  a “nomina i”  m i s s i o n ,  t h a t  i s  L ~ I C  mlsslon 
d e s c r i b e d  b y  t h e  B a s e l i n e  i i l iss ion P r o f i l e  i n  F i g u r e  1. I n  e a c h  
o f  t h e s e  m i s s i o n s ,  t h e  OWS i s  f i r s t  i n s e r t e d  i n t o  a c i r c u l a r  
o r b i t  of  197.5 nm, t h e  lowes t  a l t i t u d e  which  w i l l  s a t i s f y  con- 
s t r a i n t  # 3 .  AAP-1 i s  soon docked t o  t h e  OWS and  t h e  c o m b i n a t i o n  
i s  t r a n s f e r r e d  t o  a c i r c u l a r  o r b i t  a t  2 1 2 . 5  nm, t h e  l o w e s t  a l t i -  
t u d e  t h a t  w i l l  s a t i s f y  c o n s t r a i n t  # 4 .  A s  shown i n  F i g u r e  6 ,  
P r o f i l e  1 r e q u i r e s  only  one a d d i t i o n a l  o r b i t  t r a n s f e r  which 
o c c u r s  a t  t h e  b e g i n n i n g  of  Phase  3 .  I n  P r o f i l e  2 ( F i g u r e  7 ) ,  
t h e  o r b i t  t r a n s f e r  i s  d e l a y e d  u n t i l  t h e  end  o f  Phase  3 .  P r o f i l e  3 
( F i g u r e  8 )  r e q u i r e s  t w o  a d d i t i o n a l  o r b i t  t r a n s f e r s  which o c c u r  a t  
t h e  b e g i n n i n g  o f  t h e  t h i r d  and  f i f t h  p h a s e s .  

The  n e t  pay load  s a v i n g s  f o r  t h e s e  p r o f i l e s  a r e  d e r i v e d  
by t h e  same methods u s e d  t o  o b t a i n  t h e  s a v i n g s  f o r  t h e  220  nm 
p a s s i v e  p r o f i l e .  T h e  d e r i v a t i o n  i s  i l l u s t r a t e d  f o r  P r o f i l e  1 
i n  T a b l e  4 .  The n e t  g a i n s  f o r  i n s e r t i o n  and  d e o r b i t  a c t i v i t i e s  
are dei- ived as i n  T a b l e  2 .  The n e g a t i v e  number a s s o c i a t e d  w i t h  
e a c h  of  t h e  o r b i t  t r a n s f e r s  i n d i c a t e s  t h e  amount o f  a d d i t i o n a l  
RCS p r o p e l l a n t  t h a t  w i l l  have t o  be  p r o v i d e d  t o  t r a n s f e r  t h e  
c l u s t e r  t o  t h e  r e q u i r e d  a l t i t u d e .  Each t o t a l  i n c l u d e s  t h e  amount 
r e q u i r e d  f o r  t h e  a c t u a l  t r a n s f e r  p l u s  t h e  amount r e q u i r e d  t o  
o r i e n t  t h e  c l u s t e r  b e f o r e  and a f t e r  t h e  t r a n s f e r  ( R e f e r e n c e  5 ) .  
The a l g e b r a i c  sum of t h e  i n d i v i d u a l  g a i n s  shows t h a t  a t o t a l  o f  
5343 pounds c o u l d  be added  t o  t h e  p a y l o a d s  i f  P r o f i l e  1 i s  u s e d .  
S i m i l a r l y ,  5087 or 6635 pounds c o u l d  b e  added b y  u s i n g  P r o f i l e s  
2 or 3 r e s p e c t i v e l y .  

The r e m a i n i n g  t h r e e  p r o f i l e s  l i s t e d  i n  T a b l e  3 a re  
c o n t i n g e n c y  p r o f i l e s .  Each  assumes f a i l u r e  o f  a CM/SM, e i t h e r  
A A P - 1  or AA?-3A, t o  per form t h e  r e q u i r e d  o r b i t  t r a n s f e r .  Pro-  
f i l e s  4 and 5 ( F i g u r e s  9 and 10) assume an AAP-1 f a i l u r e .  I n  
t h a t  c a s e ,  t h e  workshop a l t i t u d e  w i l l  d ecay  f rom 197.5 to 150 nm I 
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a t  t h e  b e g i n n i n g  of Phase  3 when t h e  O N S  i s  j o i n e d  b y  A A P - 3 A .  
I n  P r o f i l e  4 ,  o n l y  one o r b i t  t r a n s f e r  i s  u s e d .  The c o m b i n a t i o n  
i s  t r a n s f e r r e d  t o  2 0 5  nm and decays  t o  1 6 2 . 5  nm by t h e  end  o f  
t h e  m i s s i o n .  P r o f i l e  5 assumes one o r b l t  t r a n s f e r  a t  t h e  be-  
g i n n i n g  o f  Phase  3 b u t  o n l y  t o  195 nm. The a l t i t u d e  o f  t h e  OWS 
w i l l  t h e r e f o r e  be r e d u c e d  t o  165 nm a t  t h e  b e g i n n i n g  o f  Phase  5 
and  hence  a n o t h e r  t r a n s f e r  i s  n e c e s s a r y  ( t o  185  nm) t o  i n s u r e  
t h a t  t h e  c l u s t e r  w i l l  s t i l l  be above 1 6 0  nm b y  t h e  e n d  o f  t h e  
m i s s i o n .  Us ing  t h e  method deve loped  a b o v e ,  t h e  n e t  p a y l o a d  
s a v i n g s  f o r  p r o f i l e s  4 ,  5 and 6 are 4 4 1 2 ,  5700  and  6634  pounds 
r e s p e c t i v e l y .  

i 

I V .  Summary - 

A summary o f  t h e  p a y l o a d  g a i n s  f o r  t h e  d i f f e r e n t  
a l t i t u d e  p r o f i l e s  i s  shown i n  T a b l e  5 .  The t a b l e  shows t h e  n e t  
pay load  g a i n  f o r  e a c h  m i s s i o n  module i n  e a c h  p r o f i l e .  N e g a t i v e  
numbers i n d i c a t e  t h e  n e t  amount of  p r o p e l l a n t  t h a t  would have  t o  
b e  added t o  t h e  p a r t i c u l a r  s p a c e c r a f t .  Note  t h a t  the  numbers 
marked w i t h  an a s t e r i s k  a r e  no t  t r u e  a d d i t i o n a l  p r o p e l l a n t  r e -  
q u i r e m e n t s  b u t  a r e  t h e o r e t i c a l  a d d i t i o n s  o b t a i n e d  from t h e  b a s e -  
l i n e  m i s s i o n .  They a re  i n c l u d e d  f o r  c o n s i s t e n c y  s o  t h a t  t h e  
n u m e r i c a l  t o t a l  of Net Payload  Gain w i l l  r e f l e c t  t h e  t r u e  
r e l a t i v e  m e r i t  of  t h e  p a r t i c u l a r  p r o f i l e s  d e s p i t e  t h e  a b s e n c e  
o f  a m i s s i o n  module .  

The t a b l e  shows t h a t  t h e r e  i s  a d i s t i n c t  p a y l o a d  advan- 
t a g e  i n  u s i n g  an a c t i v e  a l t i t u d e  p r o f i l e .  A c t i v e  P r o f i l e  3 ,  
r e q u i r i n g  t h r e e  o r b i t  t r a n s f e r s ,  i s  t h e  most p r o m i s i n g  i n  t e r m s  
of o v e r a l l  p a y l o a d  g a i n ,  b u t  even t h e  t h r e e  c o n t i n g e n c y  p r o f i l e s  
may r e a l i z e  a g r e a t e r  n e t  g a i n  t h a n  t h e  220 nm p a s s i v e  p r o f i l e .  
No a t t e m p t  h a s  been  made t o  maximize t h e  p o t e n t i a l  g a i n  b y  
o p t i n i z i n g  t h e s e  p r o f i l e s  and i t  i s  q u i t e  p o s s i b l e  t h a t  t h e r e  
a r e  o t h e r  p r o f i l e s  which have even  g r e a t e r  p o t e n t i a l  s a v i n g s .  

V. C o n c l u s i o n s  

It i s  a p p a r e n t  from the p r e c e d i n g  d i s c u s s i o n  t h a t  any 
e s t i m a t e  o f  p a y l o a d  i n c r e a s e  f o r  t h e  f i v e  A A P  m i s s i o n s  depends  
upon t h e  a s s u m p t i o n s  made for t h o s e  m i s s i o n  c o n s t r a i n t s  which 
e f f e c t  o p e r a t i n g  a l t i t u d e .  Tnese c o n s t r a i n t s  i n c l u d e :  

1. t h e  o v e r a l l  l i f e t i m e  r e q u i r e d ,  

2 .  t h e  amount o f  s c h e d u l i n g  f l e x i b i l i t y  d e s i r e d ,  

3 .  e x p e r i m e n t a l  and o p e r a t i o n a l  c o n s t r a i n t s  which 
d e t e r m i n e  t h e  range of  o p e r a t i n g  a l t i t u d e .  

A s  one might  e x p e c t ,  t h e  ach ieva -b le  p a y l o a d  i n c r e a s e  f o r  t h e  
f i v e  m i s s i o n s  v a r i e s  inverse1.y w i t h  the r e q u i r e m e n t s  i n h e r e n t  
i n  t h e s e  c o n s t r a i n t s .  B a s i c a l l y ,  p a y l o a d  can  b e  i n c r e a s e d  by  
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p e r f o r m i n g  t r a n s i t i o n a l  a c t i v i t i e s  a t  l o w e r  a l t i t u d e s .  How- 
e v e r  t h e  o p e r a t i n g  a l t i t u d e  i n c r e a s e s  as l i f e t i m e  a n d / o r  
s c h e d u l i n g  r e q u i r e m e n t s  i n c r e a s e .  Hence,  t h e  s e l e c t i o n  o f  
an a l t i t u d e  p r o f i l e  i s  a t r a d e - o f f  be tween how much more pay- 
l o a d  i s  d e s i r e d  and how much t h e  c o n s t r a i n t s  can  be  e a s e d .  
T h e r e  i s  a l a r g e  number of p o s s i b l e  a l t i t u d e  p r o f i l e s  and  
t h i s  e f f o r t  t h e r e f o r e  assumed c o n s t r a i n t s  which p roduced  p r o -  
f i l e s  t h a t  a r e  r e p r e s e n t a t i v e  o f  what can  be  a c h i e v e d .  

It s h o u l d  be  n o t e d  t h a t  t h e r e  may b e  a number o f  
o b s t a c l e s  t o  t h e  p h y s i c a l  r e a l i z a t i o n  of  t h e s e  p a y l o a d  g a i n s .  
One p a r t i c u l a r  problem i s  t h e  f e a s i b i l i t y  o f  c h a n g i n g  t h e  RCS 
and  SPS p r o p e l l a n t  l o a d s  i n  r e s p o n s e  t o  t h e  p r o f i l e ' s  change  
i n  r e q u i r e m e n t s .  A s  s t a t e d  above ,  most o f  t h e  n e t  paylGad 
g a i n  f o r  any p r o f i l e  i s  d e r i v e d  from r e d u c i n g  t h e  i n s e r t i o n  
r e q u i r e m e n t s  on t h e  OWS and LM/ATM l a u n c h  v e h i c l e s .  I n  many 
c a s e s ,  t h e  p r o p e l l a n t  r e q u i r e m e n t  on t h e  mamed m i s s i o n s  
a c t u a l l y  i n c r e a s e s  q u i t e  s i g n i f i c a n t l y ,  p a r t i c u l a r l y  t h e  RCS 
r e q u i r e m e n t s .  For exarnplp, t.he t .able shn!.:s thnt. a n e t  pny lnzd  
g a i n  of  5087 pounds c o u l d  b e  r e a l i z e d  by  u s i n g  A c t i v e  P r o f i l e  2 
b u t  t h a t  t h e  A A P - 3 A  p r o p e l l a f i t  r e q u i r e m e n t  for t h a t  p r o f i l e  i n -  
c r e a s e s  248  pounds.  S i m i l a r l y  a n e t  g a i n  of  4 4 1 2  pounds can  be 
r e a l i z e d  w i t h  P r o f i l e  4 b u t  a g a i n  t h e  A A P - 3 A  p r o p e l l a n t  r e q u i r e -  
ment i n c r e a s e s  9 0 2  pounds.  

The s i t u a t i o n  becomes even  more complex when one 
r e a l i z e s  t h a t  examining  on ly  t h e  n e t  p r o p e l l a n t  r e q u i r e n e n t  
change  shown F n  T a b l e  5 can  b e  q u i t e  d e c e p t i v e .  The t a b l e  
shows t h a t  AAP-3 r e q u i r e s  an a d d i t i o n a l  195 pounds o f  p r o p e l l a n t  
i f  A c t i v e  P r o f i l e  3 i s  u s e d .  However T a b l e  6 ,  which sugmar i -zes  
t h e  r e q u i r e d  p r o p e l l a n t  change i n  t h e  manned m i s s i o n s  for e a c h  
p r o f i l e ,  shows t h a t  AAP-3 a c t u a l l y  r e q u i r e s  a n  adc!it ioi:al  836 
pounds  o f  RCS p r o p e l l a n t  w h i l e  a t  t h e  same t i m e  r e d u c i n g  t h e  SPS 
p r o p e l l a n t  r e q u i r e m e n t  b y  6 4 1  pounds .  ( P o s i t i v e  numbers i n  
T a b l e  6 i n d i c a t e  a d d i t i o n a l  p r o p e l l a n t  r e q u i r e d ,  n e g a t i v e  num- 
b e r s  i n d i c a t e  a r e d u c t i o n  i n  r e q u i r e m e n t . )  One p o s s i b l e  means 
o f  m i n i m i z i n g  t h e  changes  to t h e  CM/SM s p a c e c r a f t  i s  to a d j u s t  
t h e  a l t i t u d e  p r o f i l e  t o  e q u a l i z e  t h e  a d d i t i o n a l  p r o p e l l a n t  re- 
q u i r e m e n t s  i n  t h e  t h r e e  manned m i s s i o n s .  Though i t  would 
u n d o u b t e d l y  s a c r i f i c e  o v e r a l l  p a y l o a d  g a i n ,  t h i s  method would 
l o w e r  t h e  ex t r eme  p r o p e l l a n t  a d d i t i o n s  r e q u i r e d  on some of t h e  
manned m i s s i o n s  and make t h e  r e s u l t i n g  r e q u i r e m e n t s  on t h e  t h r e e  
s p a c e c r a f t  more uni form and e a s i e r  t o  r e a l i z e .  I n  any e v e n t ,  
t h e  e x t e n t  o f  t h e  p h y s i c a l  m o d i f i c a t i o n  r e q u i r e d  t o  accommodate 
t h e  changes  d e s c r i b e d  i n  T a b l e  6 ,  a l o n g  w i t h  t h e i r  i m p a c t  on 
t h e  r e m a i n i n g  p h y s i c a l  and o p e r a t i n g  c h a r a c t e r i s t i c s  o f  t h e  
CM/SM and  t h e  o t h e r  m i s s i o n  modules ,  s h o u l d  be  t h o r o u g h l y  i n -  
v e s t i g a t e d  b e f o r e  a commitment t o  t h i s  a p p r o a c h  i s  made. 

10 2 5 - ABB-d c s 

At t achmen t s  

A .  B .  B a k e r  
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TABLE 2 

PAYLOAD G A I N  FOR THE 220 N M  PASSIVE ALTITUDZ PROFILE 

Net 
Pay l o a d  

Gain  

- 

rn) 
T r a n s i t  i o n  

P o i n t  A c t i v i t y  P. 1 t i t ude 
(nm> 

875 
118 

A 

B 

AAP-2 I n s e r t i o n  
A A P - 1  I n s e r t i o n  

220 
220 

A A P - 1  D e o r b i t  215 86 

C 

D 

A A P - 3 A  I n s e r t i o n  

AAP-3A D e o r b i t  

180 

115 

205 

195 

E 

F 

A A P - 4  I n s e r t i o n  
AAP-3 I n s e r t i o n  

187.5 
187.5 

1875 
271 

AAP-3 D e o r b i t  165 196 

TOTAL PAYLOAD G A I N  3716 



. 

TABLE 3 

AAP ACTIVE ALTITUDE PROFILES 

P r o f i l e  # M i s s i o n  Type D e s c r i p t i o n  

1 Nominal  M i s s i o n  2 O r b i t  T r a n s f e r s ,  a t  1 a n d  91 d a y s  

2 Nominal  M i s s i o n  2 O r b i t  T r a n s f e r s ,  a t  1 and  1 4 7  d a y s  

3 Nominal  M i s s i o n  3 O r b i t  T r a n s f e r s  a t  1, 9 1 ,  a n d  1 8 1  d a y s  

4 C o n t i n g e n c y  M i s s i o n  1 O r b i t  T r a n s f e r  a t  91. d a y s  
AAP-1 F a i l u r e  

5 C o n t i n g e n c y  M i s s i o n  2 Orbit T r a n s f e r s ,  a t  9 1  and  181 d a y s  
AAP-1 F a i l u r e  

6 C o n t i n g e n c y  M i s s i o n  2 O r b i t  T r a n s f e r s ,  a t  1 and  181  d a y s  
AAP-2 F a i l u r e  



TABLE 4 

PAYLOAD G A I N  FOR ACTIVE ALTITUDE PROFILE 1 

T r a n s i t i o n  
P o i n t  A c t i v i t v  

Net 
P a y l o a d  Gain  

( l b s )  

- A l t i t u d e  
(nm) 

A AAP-2 I n s e r t i o n  
A A P - 1  I n s e r t i o n  
O r b i t  T r a n s f e r  

197.5 
197.5 

197 51212.5 
2750 

-527 
388 . 

B AAP- 1 D e  orb  i t  207.5 142 

c 

D 

AAP-3A I n s e r t i o n  
O r b  i t T r a n s  f e r  331 

-438 
AAP-3A D e o r b i t  195 115 

E 

F 

- AAP-4 I n s e r t i o n  
AAP-3 I n s e r t i o n  

185 
185 

2075 
302 

AAP-3A Deorb i t  162.5 205 

TOTAL PAYLOAD G A I N  5343 



P r o f i l e  

AAP- 1 
CM/SM 

220  nm P a s s i v e  
P r o f i l e  204 

A c t i v e  P r o f i l e  1 3 

A c t i v e  P r o f i l e  2 3 

A c t i v e  P r o f i l e  3 3 
* 

A c t i v e  P r o f i l e  4 -18 
* 

A c t i v e  P r o f i l e  5 -18 

TABLE 5 

A A P  NET PAYLOAD GAINS 

AAP-2 
ows 

875 

2750 

2750 

2750 

2750 

2 7 5 0  

* *  
P a y l o a d  Gair, 

AAP-3A AAP-3 A A P - 4  
c M /s M C!M/SPI LM/ATM 

295  467 1875 

8 507  2075 

-248 507 2075 

402 -195 3675 

-902 507 2075 

-512 -195 3675 
* 

A c t i v e  P r o f i l e  6 3 2750 -242 -702 4825 

Net G a i n  

3716 

5343 

5087 

6635 

4412 

5700  

6634 

* 
* E  

T h e o r e t i c a l  L o s s ;  m i s s i o n  a b o r t e d  
Pounds  



, . 

Mode 

220 n m  P a s s i v e  
P r o f i l e  

A c t i v e  P r o f i l e  1 

A c t i v e  P r o f i l e  2 

A c t i v e  P r o f i l e  3 

A c t i v e  P r o f i l e  4 

'Act ive P r o f i l e  5 

A c t i v e  P r o f i l e  6 

TABLE 6 

SM PROPELLANT RZQUIREMENT CHANGES' 

RCS 

AAP-1 

- 4 4  

t450 

+450 

+450 

AAP-3A 

SPS RCS SPS 

-160 -63 -232 

-453 +375 -383 

-453 t 6 3 1  -383 

-453 t 6  -408 

ti809 -907 

--- ti444 -932 

---- 

--- --- -453 

AAP-3 

RCS 

-107 

-112 

-112 

t 8 3 6  

- 1 1 2  

4-836 

+I530 

SPS 

-360 

-395 

-395 

-64 1 

-395 

-641 

-828 

* 
Pounds 



, " s 

----- ------ 

h( 

I 



0 0 
m Ol 
N N 

0 
0 
N 

W 
I 
I- 

5 
4 



n 

z 

w 
n 
3 
I- 

v 

- 
5 
U 
t- 
m 
- 
QI 
0 

(SaNnOd) lNYll3dOUd S d S  



. '  . 

0 
0 
c 9  

0 
0 
r\l - 

0 
0 - - 

0 
0 
0 - 

0 
0 
Q, 

0 



. '  

0 0 
0 0 
0 0 
c c 

W k 0 

0 0 
0 0 
0 0 
c c 

W k 0 

0 
0 
0 
Ln 
0 

.. 
0 0 
0 0 
0 0 
=f 0 
c9  m 
c .. 

(SaiInOd) M I1 18VdV3 O V O l A V d  

0 
0 
0 

a 
0 

.. 
0 
0 

0 
(3 

O.. 



25 50 7 5  IO0 I25 I50  175 200 225 250 
TIME (DAYS) 

FIGURE 7 - ACTIVE ALTITUDE PROFILE 2 

1 '' 



290 

220 

- 20c 
I 
v 

W 

5 
n 

t 
5 180 
4 

isc 

PHASE I 4  1-PHASE 3-1 t--PHASE 5 1 
1 I I I I I 1 I 

75 IO0 I25 150 175 200 225 250 25 50 

T IME (DAYS) 

FIGURE 9 - ACTIVE ALTITUDE PROFILE 4 



240 

220 

c 
2 180 

I60 

I 40 

240 

220 

5 
* 180 

160 

140 

I +---PHASE 5 - . - - 4  

I I I I 
- 1  

-PHASE I --f p-PHASE 3 

1 I I I I 
FIGURE io, -. ACTIVE ALTITUDE PROFILE 5, 

-PHASE I+ /+-PHASE 3  PHASE 5 J i 
1 I I I I I I I I 

I25 I50 175 2 00 225 250 25 50 75 100 
TIME ( D A Y S )  

FIGURE I1 - ACTIVE ALTITUDE PROFILE 6. 



B E L L C O M M ,  I N C .  

S u b j e c t :  E f fec t s  of t h e  Reduc t ion  of 
O p e r a t i o n a l  A l t i t u d e  on t h e  AAP 
P a y l o a d s  - Case 610 

D i s t r i b u t i o n  L i s t  

N A S A  H e a d q u a r t e r s  

Messrs. H .  Cohen/MLR 
P .  E .  Culbertson/MLA 
J . H .  Disher/MLD 
J .  A .  Edwards/MLO 
L .  K .  Fero/MLV 
J .  P .  Fleld/i%P 
T .  A .  Keegan/MA-2 
H .  T .  Luskin/ML 
M .  Savage/MLT 

MS C 

M r .  W .  B .  Evans/KM 

- 

MSFC 

Messrs. R .  H .  Benson/R-AERO-FT 
P .  W.  Revels/R-AERO-FT 

Bellcomm, I n c .  

Messrs. A .  P .  Boysen,  Jr. 
D. A .  Chisholm 
D.  R .  Hagner  
B .  T .  Howard 
J .  Z .  Menard 
I .  M .  Ross 
J .  W .  Timko 
R .  L.  Wagner 

D i v i s i o n  101  S u p e r v i s i o n  
All Members Depar tments  1 0 2 1 ,  1 0 2 2 ,  1 0 2 4 ,  1 0 2 5  
Depar tment  1023 
C e n t r a l  F i l e  
L i b r a r y  

From: A .  B .  Bake r  


